We solve the Duffin-Kemmer-Petiau (DKP) equation in the presence of Hartmann ring-shaped potential in (3+1)-dimensional space-time. We obtain the energy eigenvalues and eigenfunctions by the NikiforovUvarov (NU) method.
Introduction
The first order DKP equation, which describes spin-0 and spin-1 bosons [1] [2] [3] , is a direct generalization of the Dirac equation in which the matrices are replaced with the -matrices [4] . Matrices have three irreducible representations: the one-dimensional representation which is trivial, the five-dimensional representation that is for spin-zero particles and the ten-dimensional case which enables us to study spinone particles [5] . In the past decade, there has been a growing interest in study of DKP theory. Within the potential model, several efforts were devoted to consider the DKP equation under various potentials. DKP equation with a pseudoharmonic potential in the presence of a magnetic field in (2+1)-dimensions was solved in [6] . In Ref. [7] the authors reported the solutions of the equation in (3+1)-dimensions in the presence of coulomb and Harmonic oscillator Interactions [7] . The S-wave solutions of spin-one DKP equation for a deformed Hulthén potential were obtained in [8] . The equations has also been considered in the various related aspects including the quantum Chromodynamics (QCD) [9] , covariant Hamiltonian formalism [10] , causal approach [11] , in the context of five-dimensional Galilean invariance [12] and scattering of K + -nucleus [13] . Refs. [14] [15] [16] analyze with the effect of the magnetic field on the spectrum of the system. A survey on other physical terms within the framework of the equation can be found in [17] [18] [19] [20] [21] [22] [23] . In this work, we intend to solve DKP equation for spin-one particle in (3+1)-dimensions in the presence of Hartmann ring-shaped potential by in an analytical manner. The motivation behind the present work is twofold. The first is that the spin-one DKP equation and its counterpart, i.e. the Proca equation, have not been sufficiently discussed in the literature. This is not much appealing as we do require a reliable basis to study spin-one bosons. The second is the nature of the considered potential. we consider the ringed-shaped Hartmann potential which enables u to study the deformation effects. This potential, as our forthcoming formulae reveals, is the more general case of the well-known Coulomb potential. The outline of this work is as follows: In the section 2, we introduce the DKP equation. In section 3, we introduce the DKP equation in the presence of the Hartmann ring shaped potential. In section 4, we obtain the energy eigenvalues and eigenfunctions of the radial part by the Nikiforov-Uvarov (NU) method. In section 5, we solve the angular part of the problem and end the manuscript with the conclusions and commenting on the applications of the study.
Basic concepts of the DKP theory
The DKP equation for free scalar and vector bosons is (ħ=c=1) 
gg
In the case of vector bosons, the   matrices are .) The matrices, 33 I  and 33 0  , represent unit and null 3 matrices, respectively.
The more general form of the interaction is considered as
and the equation takes the form
where the projection operator is
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and therefore the equation can be expanded as 
After some algebra, we find the coupled equations 
To our best knowledge, the latter has not been solved in the general case and existing papers are restricted to special case.
DKP equation in some special cases
It is clear that by choosing the 1 
The Hartmann ring-shaped potential is a special case of the non-central potentials originally introduced in quantum chemistry to explain ring-shaped molecules like benzene and has the form [24, 25]       2  2  2  2  11 , , 12 13 , ,
, . 
The Angular section
Let us now start to solve the angular section with the governing equation ( 
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Therefore, the angular part of the wave function is calculated as represents the Jacobi polynomials. combining the above equations, the energy spectrum can be determined as
Finally, we can write the total form of the considered component as
1 cos ( , , )
1 cos cos . 
Conclusion
In the present work, we considered the DKP equation in the presence of Hartmann ring-shaped potential in (3+1)-dimensions for spin-one particles. The eigenvalues and the eigenfunctions were calculated via the NU technique. The eigenfunctions and energy eigenvalues, after proper facts and modifications done, can be as well used in meson spectroscopy, in the study of equilibrium separation between the nuclei, decay Properties of the wave function, cross sections, interference patterns, charge transfer, excitation effects, static multipole polarizabilities of the interacting particles and various static properties of mesons. 
